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FOREWORD

1

The quality of groundwater is becoming an increasingly apparent concern. Those charged with
responsibilities related to groundwater matters are being called upon by concerned citizens for
information and advice about their own water supplies. To the public, the obvious source of
groundwater contamination is the application of fertilizers and pesticides to the land. Sources
equally important, but less obvious, are underground storage tanks, drainage wells, landfills, and
past and present hazardous waste management procedures. Public concern frequently focuses upon
agricultural application of chemicals to the land, thus failing to recognize the significant contribution
to groundwater contamination by urban use of similar chemicals. In addition, household products
such as detergents, cleaning compounds, paint thinners, automotive oil, etc. must be considered. As
Pogo, Walt Kelly's cartoon hero of the 1950's and 1960's, once said, "We have met the enemy and it is
us."
This educational project has been created to help our youth move from being part of the
problem to being part of its resolution. One of the teachers who tested this material in its draft form
made the following comments: "When we think of water and its everyday usage, it may be hard to
think of it as a reusable resource ... it seems like a one way trip." He went on to state, "Another idea
that is hard to grasp is that there is just as much water on Earth today as there ever was, yet we are
constantly reminded of water shortages, water quality, and . .. of water pollution." A teacher who
tested the elementary materials reported the shock of her students when they considered that the
water they were drinking may be the same water in which dinosaurs swam.
The quality of our groundwater is the responsibility of each member of society. Our behavior
must not be one of merely finger-pointing. We must take that responsibility seriously by learning
about 1) the phenomenon of ground water, 2) mechanisms by which contamination may occur, and
3) the effects of contamination on all forms of life - not only humankind.
OUTLOOK: On Groundwater was prepared with the support of the U.S. Department of Energy
(DOE) Grant No. 01362-87-08. However, any opinions, findings, conclusions or recommendations
expressed herein are those of the authors and do not necessarily reflect the views of DOE. A select
group of teachers were brought together to write the activities at the Institute for Environmental
Education on the campus of the University of Northern Iowa. Prior to the writing phase, Ms. Cathy
Wilson and Ms. Kathy McKee conducted extensive research seeking technical and educational
support literature. Their special dedication to this project was a major contribution to the smooth
operation and success of writing OUTLOOK: On Groundwater. The creative teachers selected for the
writing phase were Nancy Lockett and Patricia Mead (elementary module), Heidi Andre and Roger
Beane (middle school/junior high module), and Joyce Meyers and Bernie Hermanson (senior high
module).
Ultimately, the editing process must take place. In this, Ms. McKee played a major role.
Difficult decisions are always a part of editing. More materials were written than could fit into the
scope of time allowed for the module. Decisions to eliminate or modify original activities were solely
my own and were based on project scope, balance, and time.
David Mccalley, Director
Institute for Environmental Education
University of Northern Iowa

What Goes Up, Must Come
Do-wn ... And Around
Activity in Brief
Students are introduced to the concept of the water cycle
through construction and observation of terraria.
Objective

Students will discover the elements of
the water cycle and their
interrelatedness.
Site
Classroom
Suggested Time
Exploration - 1 class period
Invention/ Application - 1 class
period
Materials

2-liter pop containers, clear plastic
soil
sand
pea gravel
small plants
graduated cylinders
paper towels
plastic wrap
rubber bands
paper for journal construction

Exploration

Invention

Students will build terraria and,
over a period of several days,
observe changes within the
terraria and record observations
in a journal.

At the completion of the
Exploration, students will construct
an explanation for the events
occuring in their terraria.

Application
Students will explain the effects of a
local drought on the water cycle.

Teacher Notes

Forthe
Teacher
Created By:
Heidi Andre
Roger Beane

For Your Information
FYI Exploration: Working in
groups of two or three,
students are asked to construct
a terrarium using a 2-liter clear
plastic container. Teachers
should pre-cut the container as
follows:
1. Cut the bottom of the bottle
off just above the base.
2. Cut the center out of the
base.
3. Invert the top of the plastic
bottle, cap on, into the cut-out
center of the base.
4. Students may select varying
amounts of materials for the
separate layers (i.e. soil, sand,
and pea gravel). Before sealing
the opening with plastic wrap
and rubber bands, 150 ml of
water should be poured into
the terrarium. The completed
terrarium should be placed on
a window ledge.
The groundwater journal may
be prepared by stapling ten
sheets of paper together.
Covers will be designed later.
It may be necessary for the
class to brainstorm to produce
a list of what they might
observe before beginning their
collection and recording of
information. This list may be
placed in their journals.
Students should continue to
make observations for several
days.

FYI Invention: On the final
day, a class list of all
observations is placed on the
board. In a guided group
discussion, students should
relate the following water
cycle terms to their
observations. This information
should be placed in their
journals. Note: Definitions
should be in the students' own
words, having been derived
from class discussion.
1. Absorption
2. Condensation
3. Evaporation
4. Ground water
5. Precipitation
6. Recharge
7. Saturated zone/water table
8. Transpiration
Check the Glossary for
definitions as needed for
teacher understanding. After
the discussion, have students
design a diagram showing
how the water cycle works.
Attach this design to the first
page of the journal as a cover.
FYI Application: The teacher
asks the students to explain in
their journals how a local
drought would affect the water
cycle. Ideas are shared in small
groups. Groups will design a
poster depicting these changes.
A large group discussion of
these changes may follow.

Follow-up Suggestions
1. Create a water cycle board

game.
2. Create a wall mural of the water
cycle.
3. Analyze other situations such as:
a) how a forest fire affects the local
water cycle
b) how changing vegetated areas
(woodlands, meadows, cropland,
etc.) into parking lots affects the
local water cycle.
Resources
Protecting Our Groundwater: A Growers
Guide. American Farm Bureau Federation.
Water Cyc:le Poster. Bureau of Water

Resources Management, Dept. of Natural
Resources, Box 7921, Madison, WI 53707.
Bybee, Rodger, et al. Teaching About
Science and Society. Identifying Changes in
a Terrarium. Merrill Publishing Company,
1984, pp. 289-291.
.
Films:
The Terrarium: Oassroom Science
Water: Common Necessity; Moody, 1975
Water For All Living Things; EBEC, 1967
Water Cycle; EBEC, 1979
Iowa's Precious Water; INRC, 1978

Copyright© 1988 by the
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Where Has All the
Water Gone?
Activity in Brief
By samplinf different areas, students investigate the
idea o percolation and the factors that affect it.

Objective

Students will understand the concept
of percolation and the variables
which affect the process.
Site

Classroom
Schoolyard
Suggested Time

Exploration/Invention - 1 class
period
Application - 1 class period

Exploration

Invention

Students will observe and record
variations in percolation rates in
different areas.

The student will construct the
concept of percolation rate and
explain how the rate is affected by
different variables.

Application
The students should develop and
implement a plan to test their area
for the variables which affect
percolation.

Materials

stakes
cord/twine
juice-size cans
can opener
1 ft. long 2 x 4 board
hammer
permanent marker
ruler
graduated cylinder
beaker (over 100 ml)
various testing items
compaction tool
(refer to OUTLOOK 6-8 "Don't
Tread On Me")
soil chart
(available from Soil
Conservation District)
shovel/hand trowels
journals from Activity 1

Teacher Notes

Forthe
Teacher . . . ~ijlll,,o--A dapte d By:

Heidi Andre
RogerBeane

For Your Information
FYI Exploration: The teacher
designates, with stakes or
cord, several (4 or more) 5 ft.
square areas on the ground.
Test sites should include at
least one of the following:
sandy areas
grassy areas (with and
without shade)
clay areas (with and without
shade)
compacted areas (well
traveled path)
undisturbed areas (under a
bush or tree)
Students, in groups of 2 or 3,
are asked to record
observations of the different
areas. Use a tomato juice can,
or a can of similar size, opened
on both ends. Cans should be
marked with permanent
marker to show 5 mm. Place
cans in designated areas. Place
a board across the can and
push it into the ground to the
5 mm mark. Students should
pour 100 ml of water into the
can and observe and record
the time it takes for the water
to disappear.
FYI Invention: Tabulation of
class data should be placed on
the board for group
discussion. Students should
develop their own definitions
of percolation and reasons for
rate differences. Refrain from
giving textbook definitions.
All ideas and concepts should
be placed in the students'
journals using their own

words and/ or diagrams.

t--'~~1------t..-~~

Resources
OUTLOOK 6-8: Soil "Don't Tread On Me"

FYI Application: All plans
should be placed in the
journals, discussed with the
teacher, and then carried out
by the students. Test results
are recorded in the journals.
This information should be
used by students to write a
paragraph describing
percolation in their terraria.

Films:
Groundwater; EBEC, 1982
Copyright e 1988 by the
Iowa Natural Heritage Foundation
Iowa Department of Education
University of Northern Iowa

Out of Sight, Out of Mind
Activity in Brief
Students use earth profile models to explain
the movement and storage of water.

Objective
Students will be able to explain the
movement and storage of water in
soil and gravel.
Site
Classroom
Suggested Time
Exploration/Invention - 1 class
period
Application - 1 / 2 class period
Materials
2-liter clear plastic pop containers
soil
sand
gravel
paper towel
non-permanent markers
graduated cylinders
large beakers
student journals
well model-see Appendix

Exploration

Invention

Create an earth profile model and
use it to explore water movement.

Construct explanations for the
direction of water flow and for
water storage.

Application
Using brainstorming, produce a list
of possible ways to collect
underground water. Determine
conditions that contribute to .
groundwater depletion. After the
students brainstorm the list, the
teacher, with the aid of students,
will demonstrate the principle of
wells using the Groundwater Well
Model. (Appendix)

Teacher Notes

Forth e
Teacher
Created By:
Ro$erBeane
Heidi Andre

For Your Information
FYI Exploration:C ontrary to
popular myths, groundwater
does not flow through
mysterious underground
rivers, nor is it stored in
underground lakes. Rather, it
moves from place to place by
migrating through pores and
fractures in bedrock and
through voids in
unconsolidat ed sands and
gravels. Students, in groups of
2 or 3, will construct an earth
profile model as follows, using
2 liter pop containers prepared
by the teacher as described in
Activity 1:
1) Cut a square of double thick
paper towel to cover the
opening of the bottle.
2) Add: 5 cm gravel - bottom
3 cm sand - middle
7 cm soil - top
After their profile has been
built, students should slowly
add 50 ml of water at 5 minute
intervals. After each addition
of water, observations as to
soil and water movement and
the quantity of water used
should be placed in the
students' journals. Nonpermanent markers should be
used to trace directly on the
container the direction of
water flow and the depth the
water level reached. The
bottom of the container should
be left open to allow for
collection and measurement of
any filtrate after each water

addition. This procedure is
repeated until the amount of
water added at one time
equals the amount of filtrate
collected. Please save the
model for Activity 5.

to your class.
3. Research and discuss how the
depths of wells have changed in
the last century and why.
Resources

FYI Invention: Using their
observations, students will
explain how water moves
differently through the
different layers. They should
also explain why the total
amount of water poured into
the model did not equal the
total amount of water
collected.
Place group data on the board
to search for similarities and
differences. Include the ideas
of gravitational force,
groundwater, saturation, and
water retention of materials.
FYI Application: After the
demonstratio n, the following
situations could be analyzed
by small groups or the whole
class:
"What would happen if the
underground water was not
replenished when used?"
"What would happen if too
many cities drew water from
the same water source?"
"What effect does removing
groundwater have on lakes
and ponds?" .

Follow-up Suggestions
1. Research the source of the
students' drinking water.
2. Invite a well driller to speak

Groundwater Study Guide, Wisconsin
Dept. of Natural Resources, Box 7921,
Madison, WI 537CY7.
Protecting Our Groundwater, A Grower's
Guide, American Farm Bureau Federation.

Films-T.V.:
Groundwater; EBEC, 1982
Groundwater, The Hidden Reservoir;
MEDGD, 1971
Man Builds, Man Destroys; Distributed by
Great Plains National, Lincoln, Nebraska.
Copyright e 1988
Iowa Natural Heritage Foundation
Iowa Department of Education
University of Northern Iowa

Biting the Hand That Feeds
Us or Water We Eat
Activity in B'rief
. Students determine the large amount of water
· used to produce the food they consume.

Objective
Students will estimate the amount of
freshwater, the majority of which is
groundwater, used to produce the
food we eat.
Site

Classroom
Suggested Time
Exploration/Invention/ Application 1 class period
Materials
food calorie b00ks

Exploration

Invention

Students will determine the
amount of water needed to
produce items in a typical holiday
meal.

Student groups will select one
item from the holiday meal and
diagram the various ways water
is used from growth through
production and consumption.

Application
Calculate the amount of water
your town uses in one day for
food preparation and
consumption. How much water
would be required for one year?

Teacher Notes

Forthe
Teacher
Adapted By:
Roger Beane
Heidi Andre

For Your Information
FYI Exploration: We drink it,
we irrigate with it, we use it for
industry and for domestic
supplies across the country. We
depend on groundwater. These
many uses of groundwater
affect its quantity and quality
and therefore directly affect our
lives and lifestyles as well.
There are between 30 and 60
quadrillion gallons of usable
freshwater stored
underground. This represents
95% of this country's supply of
freshwater. Fifty percent of all
U.S. residents rely on
groundwater as a source of
drinking water. This ranges
from 95% in rural areas to 20%
in some urban areas.
Students, in groups of 2 or 3,
are given a list of 14 items
found in a typical holiday
dinner for eight (4 adults, 4
children). They are also given
the total amount of water
(43,374 gallons) used to
produce and prepare the meal.

To put this number in
perspective for your students,
43,374 gallons would fill a 30' x
50' swimming pool, 693,984 half
pint cartons of milk, or 5+ gas
transport trucks (each holding
8,000 gallons). Students are
challenged to determine the
water used for each item.
Encourage students to have
explanations for these amounts.
Place a chart on the board that
includes the list of 14 items.
Each group's estimations
should be written behind it and
an aver~ge calculated. A
discussion of discrepancies
should follow.
A holiday dinner is a prime
example of the large volume of
water needed to produce the
food we eat. Food production
uses vast amounts of
water-for irrigating food
crops, growing feed for
livestock, cleaning and
processing food in factories,
and cooking.

Holiday Meal
Item
20-pound turkey
stuffing
Potatoes
Scalloped corn
Green beans
Carrots
Waldorf salad
Fresh fruit salad
Bread
Margarine (incl. cooking)
Pumpkin pie
Ice cream
Milk for four
Wine for four
Total gallons of water

Gallons of water needed
16,300
6,004
772

1,824
1,000

1,000
580
2,000
300
2,212
1,240
1,142
1,000
...8...Qilll

43,374

Below are listed the basic
components of the holiday
dinner referred to previously.
All data includes growth and
processing.

FYI Invention: The diagrams
may include water used in
planting, growing, harvesting,
processing, packaging,
marketing, transportation, and
cooking. A group consensus
should be reached on the
estimated average of each item.
When this is completed,
estimated values are compared
to those on the chart.
Differences may result in more
discussion.
FYI Application: One way to
calculate the amount of water
needed to produce food is by
calorie content. It takes
approximately 4000 gallons of
water to produce the food for
an average daily 2000 calorie
diet. This is about two gallons
of water per calorie.
Some additional figures
include:

Gallons of water needed
120 gallons to produce 1 egg
10 gallons-to produce 1 gallon
of gas
65 gallons to produce 1 ton of
steel
60,000 gallons to produce 1 ton
of paper
100,000 gallons to produce 1 car

Biting the Hand That Feeds Us
or
Water We Eat
These figures can be used, as
the last Fo~ow-Up activity
suggests, for a multitude of
math problems.

Follow-up Suggestions
1. Visit a food processing plant
(commercial bakery, meat
processing, vegetable farm)
and observe the use of the
water.
2. Individual students will
calculate the amount of water
needed to produce their hot
lunch. Include an explanation
about where the water is used
and how use may be
minimized.
3. Design a poster which shows
how one item uses water from
growth to production and
consumption. Display the
poster in your school building.
4. Calculate the amount of
water used to make your
textbook. Remember that 1 ton
of paper requires 60,000 gallons
of water, and it takes a little
over a quart of water to
produce one sheet.
Resources
Bruemmer, Linda. "Growing Reliance
on An Unseen Resource." The Journal of
Freshwater, vol. 9, 1985.
Copyright (i;) 1988
Iowa Natural Heritage Foundation
Iowa Department of Education
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You Can't Fool
Mother Nature
Activity in Brief
Using earth profile models, students explore the concept of
leaching and the filtering effects of soil.

Objectives
Students will discover leaching to be
one way contaminants enter the
groundwater. Stu~ents will construct
an explanation for the filtering effects
of soil in regard to both soil depth
and ~ontamination concentration.

Site
Classroom
Suggested Time
Exploration/Invention - 1 class
period
Application - 1 class period
Materials
2-liter clear plastic pop containers
sand
soil
gravel
colored solutions
10 test tubes/ group
test tube racks
masking tape
graduated cylinders
timer
250 ml flask
food coloring
bucket (5 gallon)
sprayer
various materials for filters
soil
filter paper
sand
funnels
charcoal
containers
cotton

Exploration

Invention

Explore aspects of fertilizer and
pesticide usage in terms of
concentration, chemical makeup,
purpose and fate of the material.

Students will develop hypotheses
concerning processes of
contaminating ground water.

· Application
Students will develop a filter
capable of cleaning contaminated
groundwater.

Teacher Notes

Forthe
Teacher
Created By:
Ro$erBeane
Heidi Andre

For Your Information
FYI Exploration: Five hundred
and seventy million pounds of
chemicals are used in
agriculture each year to control
pests and to promote growth.
Many of these chemicals
cannot be naturally broken
down, and end up in our
nation's water supplies. The
water seeping down through
the soil can carry with it
water I soluble nutrients,
minerals, and other substances
in or on the soil. This
"leaching" process is similar to
what happens when you make
drip coffee. Water drips
through the ground coffee,
leaching caffeine and flavoring
compounds into the coffee pot.
But, unlike making coffee, the
leaching of pesticides through
the soil is unintentional and
the amounts are so small that
they can only be detected by
sophisticated laboratory
analysis of the water.
Each group of 2 or 3 students
will use two pop container setups. One will be the container
with its contents used in
Activity 3. The other will be
constructed by using another
container prepared in the same
way and adding 3 cm of sand
and 5 cm of gravel above the
paper towel.
Completely saturate each
container with 100 ml of water.
Wait 2-4 minutes for the water
to filter through. Discard the
filtrate.
After both containers ,a re

prepared, the following
situation is related to the
students:
"Two farmers are applying the
same quantity of liquid
pesticides to their fields. One
of the farmers uses the
concentrations suggested on
the label. The other farmer
decides to double the
concentration. What affect will
these two different application
have on the groundwater?" A
suggestion would be to give
half of the students 100 ml of
"diluted" colored water for
each field and the other half
100 ml of "concentrated"
colored water. Teachers can
prepare these solutions by
using a ratio of:
20 drops food color/ 1 gallon
water = dilute solution
40 drops food color/ 1 gallon
water= concentrate solution
Have students collect as much
filtrate into a test tube as
possible for use later as a color
comparison. To simulate rain,
have students add 100 ml of
water to each container. Again
collect for 3-5 minutes and
remove 10 ml to a test tube.
Repeat this procedure three
more times. Also, each student
should obtain a 10 ml sample
of their original pesticide.
Students should observe the
test tube gradient and look for
differences between the two
"fields." All data/observations
should be placed in the
students' journals. The
students should save the

filtrate.

3 cm sand - - -

FYI Invention: Student groups
should be paired by matching a
set of dilute containers to a set
of concentrate containers.
Using the data (information)
collected earlier and the test
tubes, students should develop
hypotheses concerning the
contamination of groundwater
due to the effect of soil and
pesticide concentration.
FYI Application: Begin by
introducing a student-aided
teacher demonstration in the
following manner:
"You have seen that soil is a
natural filter for some
contaminants. However,
depending upon soil depth, soil
properties, or contaminant
concentration, contaminants
may reach the groundwater
and often do."
Use the well model from
Activity 3 to show
contamination of a well. The
pesticide to be spread on is 10
drops of green food coloring in
10 ml water. Use a spray pump

You Can't Fool
Mother Nature
to simulate rain. Begin to
pump from the well until
contaminants appear.
Continue pumping and collect
ten 250 ml flask samples. Place
10 ml of each sample in test
tubes. Recharge water
periodically.
Now that the drinking water is
contaminated, the only filters
left to be used are man-made.
The students, in groups of
four, form a company which is
asked to design and create a
filter to clean their filtrate
collected in the Exploration.
The "companies" should create
an advertisement to explain
how their filters operate (i.e. ,
its selling point). Save the
filtering system for Activity 6.
If the well model needs to be
used for more than one class,
the teacher should flush the
system. One method of
flushing is accomplished by
filling the tank up to the soil
line with fresh water and using
the suction of the well to draw
it out. This should be done as
many times as necessary to rid
the filtrate of any color.

Follow-up Suggestions
1. Research and discuss how
the depths of wells have
changedinthelastcentury.
2. Invite a speaker to discuss
correct pesticide usage and
application techniques.
3. Research health concerns
associated with pesticides.

4. Discuss alternative methods
of pest control.
5. Explain how erosion of soil
can affect groundwater.
Resources
Gray, Richard G. Sr. "Agrirultural
Chemicals: A Growing Concern For
Groundwater", The Journal of Freshwater.
vol. 9, 1985.
Fruhling, Larry and Voss, Melinda. "Iowa's
Water: Not a Drop to Drink?" Six-part
series, Des Moines Register, May 4-11,

1986.

.

Agriculture and Groundwater Quality.
Council for Agrirultural Science and
Technology, Report No. 103, Iowa State
University, Ames, IA, May 1985.
Pringle, Laurence. Fighting Pests With
Pests. Ranger Rick Nature Magazine,
January, 1978.
Films:
Pesticides In The Environment;
USOPP, 1975
The Insect Alternative; NOVA, 1978
Copyright e 1988
Iowa Natural Heritage Foundation
Iowa Department of Education
University of Northern Iowa

Nitrate Nightmare
Activity in Brief
Students collect and_test samples of water to determine possible nitrate
contamination and research possible sources and effects on life.

Objective
Students will discover the effect of
nitrates in groundwater, their possible
sources, and their effects on life.

Site
Classroom
Suggested Time
Exploration - 1 class period
Invention/ Application - 1 class
period
Materials
nitrate testing kit
baby food jars and lids (well cleaned)
filtering devices from Activity 5
water sources
articles about nitrates

Exploration

Invention

Using a nitrate test kit, students
test water samples from nitrates
and read articles about nitrates.

Students will create a list of
possible nitrate pollution sources
and their effects on life.

Application
Students will determine nitrate
levels and investigate the treatment
of local water supplies.

Teacher Notes

Forthe
Teacher
Adapted By:
Ro~erBeane
Heidi Andre

For Your Information
FYI Exploration: Each student
is to take home a water
sampling kit and collect two
samples. These samples
should be from non-drinking
sources. The kit should contain
three small baby food jars with
lids and two styrofoam cups.
Fifteen holes should be
punched in the bottom of the
cups using a nail. These
samples may be collected
directly from a water source or
from water that has been
leached through a soil sample.
To obtain the leachate, soil
should be placed within
approximately 5 mm of the
cup top. All student cups need
to be similarly marked. Fill one
of the baby food jars with
water, pour it over the soil
with another baby food jar
being used for collection
underneath. If students choose
to leach through soil, a sample
of the water poured through
the soil is also necessary for
testing. Suggested areas to
collect samples include:
a) Soil (lawns, fields, gardens)
b) Water (streams, ponds,
drainage tile)
The students, in their
"companies" from Activity 5,
are asked to test the samples
for nitrates by first making
visual observations and then
by using the nitrate testing kit.
The sample which contains
nitrates should be identified,
put through the "filter

systems" of the "companies"
and retested. All observations
and results should be placed in
the journal. A discussion of
their findin·g s will follow.
Students are then given
articles to read concerning
nitrate sources and effects.
Notes on their readings may
be placed in their journals.
FYI Invention: A master list
should be compiled on the
board. Using the list, discuss
sources which may be found
locally. Both the positive and
negative aspects of nitrate use
should be discussed.
General Sources of nitrates
found in water:
decaying material
animal manures
human sewage disposal
systems
nitrogen-based fertilizers
nitrogen fixation by
bacteria, lightning and
industry

low incident gastric
cancer
birth defects
livestock illness
Note: many foods, especially
green leafy vegetables, contain
certain levels of nitrates
considerably higher than
allowable levels in water.
FYI Application: Students are
asked to test water samples
from various local sources.
Discuss any irregularities. If
high nitrate levels are
discovered in a student's
drinking water, do not panic
the student, but suggest further
testing by professionals. Nitrate
levels above 45 ppm in
drinking water are considered
to be unsafe. Young children
and infants are more sensitive
to nitrates than adults. Tour
your local water treatment
plant, research your local water
supply, or invite resource
people to your classroom.

Follow-up Suggestions
Effects on Living Thing:
plant growth (excessive
algal growth, adversely
affecting ponds, etc.)
Related to improper
production of hemaglobin
for red blood cells
(Methemaglobinemia)
high nitrate levels appear to
be related to:
certain cancers
spontaneous abortion
nervous system
impairment

1. Contact a fertilizer sales
person for information on the
application and use of farm
fertilizers.
2. Interview a farmer about the
use of nitrogen as a fertilizer.
3. Interview a physician about
the effects of nitrates on
children.
4. Contact your state extension
service for information on

Nitrate Nightmare

nitrate testing.
Resources
Laszlo, Alfoldi, ''Movement and
Interaction of Nitrates and Pesticides in
the Vegetation Cover - Soil Groundwater Roel< System." Environmental Geology,
vol. 5, pp. 19-25.
Fruhling, Larry. "Please Don't Drink the
Water." The Progressive Farmer, Oct. 1986,
pp. 31-33.
Fruhling, Larry and Melinda Voss, six-part
series, "Iowa's Water: Not a drop to
drink?", The Des Moines Register, May 411, 1986.
Films:
Drinking Water Alert; Seven Oaks
Prod., 1974
Water: A Oear and Present Danger;
MIJ, 1983
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Culprits-In The Cupboard.
Activity in Brief
Students inspect their homes for hazardous chemicals, determine proper disposal
techniques, and possible alternatives for use.

Objectives
Students will be able to identify
hazardous chemicals and possible
alternatives for them, and to
determine their proper disposal.
Site
Classroom
Suggested Time
Exploration - 1 class period
Invention/ Application - 1 class period
Materials
well apparatus (Activities 3 and 5)
cotton balls
extra flasks
food coloring
earth profile containers (Activity 5)
various materials for the landfills
foil
cellophane
clay
plaster of Paris

Invention

Exploration
After a student-aided
demonstration concerning
landfill-associated
contamination of groundwater,
students will list possible
contaminants.

Students create and use a home
inventory of hazardous household
chemicals.

Application
Students will develop a landfill
model that inhibits leaching of
waste into the groundwater.

Teacher Notes

Forthe
Teacher
Adapted By:
Ro~erBeane
Heidi Andre

For Your Information
FYI Exploration: Using the
well pump apparatus from
Activities 3 and 5, create a
landfill situation. A cotton ball
saturated with food coloring
should be placed under the
surface of the sand. The closer
to the water table it is, the
faster the contamination will
be observed. The students
should not be aware of the
presence of the cotton ball
"landfill". However, it should
be placed close enough to the
side of the glass container to
allow for visual observations
of the leaching action. The
following situation should be
explained:
"This land has not been
disturbed for thirty years. You
have decided to build a home
here. For five years the water
has been tested and shown to
be safe." During this time, keep
pumping the well and
recharge the system with
simulated rain. Save some of
the filtrate when each flask is
full. Eventually, students will
notice a color change. Have
them hypothesize possible
reasons for this change. If the
idea of a landfill is brought up
or discussed, explain that this
assumption is correct in this
situation. Have students
develop lists of materials
placed in landfills. These
should be separated into what
students consider to be
hazardous and non-hazardous
waste categories.

FYI Invention: Students
should create a checklist of
hazardous chemicals in their
homes that may cause
groundwater contamination if
improperly disposed. Include
the following in your checklist:
a) Name of chemical
b) Absence or presence in
home
c) Disposal method
d) Non-hazardous alternatives
Students should also ask their
parents the location of the
landfill they use. An example
of the types of chemicals
students may find include:
Household Cleaners
drain cleaners
oven cleaners
disinfectants
ammonia
deodorizers
spot removers
furniture polish
Pesticides /Fertilizers
DDT
weedkillers
fungicides
insecticides
pet flea collars
flea shampoo
no-pest strip
Automotive Products
motor oil
batteries
anti-freeze
gasoline
Home maintenance
asbestos

asphalt
paint
lacquer
turpentine
wood stains
mothballs/ flakes
roofing tar
varnish
pool chemicals
wood preservatives
Discuss, as a group, the
hazardous chemicals most often
found on the students' lists and
acceptable disposal methods
for each.
FYI Application: Old
abandoned landfills are likely
to be a cause of continuing
concern because they generate
leachate for a considerable
length of time after actual
dumping operations have
stopped. A landfill used during
the era of the Roman Empire,
for example, was recently
found to still produce leachates
(Groundwater: A NonTechnical Guide, 1982).
Students are asked to use their
earth profile from Activity 5
and build a landfill that will
keep garbage (saturated cotton
ball) from leaching into the
groundwater. Students should
use no more than one quarter of
their container for the landfill.
Any materials are acceptable.
After they test their model,
have students explain how
their model worked and if it
could be used in an actual
landfill (maybe with

Culprits in The
Cupboard

modifications).

Follow-up Suggestions
1. Research the characteristics
of landfills used around the
world and locally.
2. Determine the amount of
garbage a household generates
(hazardous and nonhazardous). Try to find ways
to cut back on or recycle nonhazardous wastes and reduce
and find alternative disposals
for hazardous wastes.
3. Research alternatives to
landfills.
4. Have students investigate
how LUST (leaking
underground storage tanks)
and other buried sources may
affect their drinking water.
Resources
Marreselt, Muriel. "Limits for Landfills"
Journal of Freshwater, vol. 9, 1985
Fritsch, Albert J., editor. The Household
Pollutant Guide. New York: Anchor
Press, 1978
Films:
A Town That Washes Its Water
Water Crisis I &: II; NOVA, 1980
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Rub-A-Dub-Dub or
Slow the Flo-w
Activity in Brief
Students evaluate water usage in their homes, determine ways to conserve water
and calculate the amount of water saved using these techniques.

Objective
Students will determine ways to
reduce the amount of water they use
in order to conserve the limited
resource of groundwater.
Site
Classroom
Suggested Time
Exploration/Invention - 1 class
period
Application - 1 / 2 class period
Materials
old water bills
student journals

Exploration

Invention

Students will estimate the
quantity of water used in various
parts of their home on any typical
day.

Students will develop a plan to
reduce water consumption for each
of their listed home usages.

Application
Students will implement their plans
to conserve water and evaluate
their effectiveness.

Teacher Noles

Forthe
Teacher
Adapted By:
Ro$erBeane
Heidi Andre

For Your Information
FYI Exploration: In the midseventies, groundwater was
being consumed at a rate 10
times less than that of natural
recharge. This means that for
every 100 gallons of recharge,
only 10 gallons were
consumed. This trend,
however, is changing. Now, in
some areas, our country's
withdrawals have exceeded
the natural recharge. This
overdraft is often referred to as
groundwater "mining". We are
depleting the nation's water
supply at a rate of 21 billion
gallons per day. In some areas
ground water levels are falling
7-10 ft/year. These are
staggering statistics when one
realizes that approximately
50% of all U.S. residents rely
on groundwater as a source of
drinking water. This ranges
from 96% in rural areas to 20%
in some urban areas.
On the board, the teacher
should place the following
headings:
Bathroom
Kitchen
Outdoor Use
Basement
The students should list
possible uses of water in each
of these places, then estimate
the amount of water used for
each item. The list and
estimates should be recorded
in their journals. Possible items
listed for these categories
include:
Bathroom: toilet, shower, tub,

sink
Kitchen: cooking, washing
dishes
Outdoor use: car washing, ·
pool, garden, lawn
Basement: laundry, shower
After the students complete
their estimates, the smallest
and largest estimates should
be listed after each item.
Discuss reasons for
discrepancies. (Reasons may
include: leaks, family size,
lifestyles, etc.) Students should
bring in last month's water bill
and calculate the average
amount of water used daily.
Record this information in the
journal. Students in rural areas
not having metered water
supplies should devise a
method to estimate daily water
use. It takes 5-7 gallons of
water to flush a toilet, an
average shower uses 25-30
gallons, a bath, 36 gallons,
water from a faucet runs at 7
gallons per minute (5 gallons
with water saver), washing
hands or brushing teeth uses 2
gallons if the tap is left
running, outdoor watering
uses 5-10 gal/minute, a load of
dishes washed in a dishwasher
uses 10 gallons, doing dishes
by hand uses 20 gallons.
FYI Invention: Students should
look at the water uses in their
home, room by room, and
devise ways of reducing water
consumption. Students should
share their conservation
methods during a large group

discussion, and a
comprehensive list should be
compiled and placed in their
journals.
FYI Application: Students will
check their water meter at
home before beginning their
conservation techniques. They
and their families should use
the conservation plan for four
days. On the fourth day, the
meter should be reread at the
same time it was initially read.
Students should calculate the
amount of water used in the
four days and convert to
average number of gallons used
per day and per year. In their
journals, students should report
their results and evaluate the
effectiveness of their
conservation techniques. This
can be accomplished by
comparing the value calculated
from the old water bill to the
value found after the
conservation methods were put
into practice. The effectiveness
should also be evaluated in
terms of family reactions,
changes in lifestyle, etc.

Follow-up Suggestions
1. Determine where and how
water is used in schools.
Discuss possible methods of
conservation, and implement a
plan to conserve water in your
school.
2. Determine the total amount
of water lost through various
types of leaks for one day or

Rub-A-Dub-Dub
or
Slow the Flow
one year.
3. Discuss possible solutions to
the following situation: "If
your town was faced with a
water shortage, what
conservation measures could
be implemented to reduce
water usage?"
4. Develop a water-use audit of
your school building and
determine ways to conserve.
Resources
Water Conservation In Your Home.
National Water Well Association, 1977.
Cooperative Extension Service, Iowa State
University. Dollars Down The Drain:
Saving Water, Energy, and Money in the
Home Pm-1089, March 1983.
Ding Darling Materials, 1983.
Films:
Water Crisis; NOVA, 1980
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Here Comes The Judge
Activity in Brief
Acting as lawmakers, students develop a set of rules concerning
groundwater protection and conservation.

Objective

Students will develop a set of rules or
laws to protect the quantity and
quality of groundwater.
Site

Classroom
Suggested Time

Exploration/Invention - 1 class
period
Application - 1 class period

Exploration

Invention

Students will identify the
practices which need to be
regulated in order to maintain the
quantity and protect the quality
of groundwater.

Students will develop a minimum
of five rules or laws concerning
groundwater protection.

Application
Students will select the most critical
rules or laws from their list and
communicate with their legislators
regarding the existence, future
existence, and/ or non-existence of
these laws.

Materials

envelopes
stamps
stationery

Teacher Notes

Forthe
Teacher
Adapted By:
Ro~erBeane
HeuiiAndre

For Your Information
FYI Exploration: Students
should use the information
collected in previous activities,
as recorded in their journals, to
identify those practices which
critically harm groundwater.
Students should focus on both
urban and rural practices.
Make a class list of the
practices that are causing
problems and give specific
examples of each.
For instance: Practice Overdraft
Examples - long showers
leaky faucets
low recharge area with high
usage
FYI Invention: Working in
groups of two, students use
the list of practices and
examples identified in the
Exploration to develop rules or
laws to help protect the quality
and quantity of groundwater.
Teachers may wish to assign a
specific practice to each group
to insure that all are dealt with.
FYI Application: As a class, the
students will select between 5
and 10 rules or laws which
they feel are the most critical.
Assign one of the critical laws
to a group of four students
who will be responsible for
determining whether or not
local, state and/ or federal
guidelines exist. Letters should
be composed and sent to local,
state, and federal officials,
such as mayors, members of

congress, and senators. Results
should be posted on a
ground water bulletin board as
they are received.

Follow-up Suggestions
1. Draft a water bill and
compare it to your state's
water bill if it has one.
2. Invite a city government
official to speak about local
regulations.
Resources
State, Local, or Federal Water bills
Groundwater, A Community Action
Guide; Concern, Inc., June, 1984.
Films:
Problems of Conservation - Water

1979
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Energy S~vings
Activity in Brief ·

·

Students will calculate the energy savings that may be realized
using conservation tillage in farming.

Objective
Students wm learn the energy savings
involved with conservation farming.
Site
Classroom
Suggested Time
Exploration/Invention - 1+ class
period
Application - 1 class period
Materials
Student journals
information obtained from SCS

Exploration

Invention

Students will calculate the cost of
fuel used by a farmer with a 450
acre farm having 240 acres of
corn, 160 acres of soy beans, 30
acres of hay, 30 acres of oats and
the remaining acres of pasture
and homestead.

Determine the energy savings of the
farmer using conservation tillage.

Application
Calculate the energy savings within
a soil conservation district if
conservation tillage is utilized by all
farmers. (Consider that of the
458,752 acres in the Soil
Conservation District, 400,502 acres
are in tillage).

Teacher Notes

Forthe
Teacher
Created By:
David McCalley
Kathy McKee
Cathy Wilson

Follow-up Suggestions

For Your Information
Estimates of Fuel Burned for
Crop and Livestock Production Operations Under Average Conditions
Gallons per acre

Crop Production

Cropping system
Gasoline
9.5
Corn-conventional methods
7.5
Com-plowing with minimum tillage planting
6.0
Corn-no plowing, minimum tillage planting
Corn harvested and stored as whole-plant silage
Conventional methods
12.0
10.0
Plowing with minimum tillage
8.5
No plowing, minimum tillage
Soybeans-conventional methods
9.0
Small grains-oats, barley, rye, wheat
4.25
Small grains-with plowing
6.5
Hay-dry cured, 3 cuttings, baled
12.0
Haylage-3 cuttings or dry chopped
18.0
Using combined type cutting with self-propelled
cut, crush, windrow
7.2
Hay-3 cuttings
Haylage-3 cuttings
13.2

Diesel
fuel
6.85
5.40
4.30

LPgas
11.4
9.0
7.2

8.65
7.20
6.10
6.50
3.00
4.70
8.65
13.00

14.4
12.0
10.2
10.8
5.1
7.8
14.4
21.6

5.20
9.50

8.6
15.8

Corn drying-with favorable drying conditions--1 gal. propane will dry 7 bu. corn
-with good drying conditions--1 gal. propane will dry 6 bu. corn
-with unfavorable drying conditions--1 gal. propane will dry 5 bu. corn

Reviewed for reprinting by Enlal Ozkan, Extenalon agricultural

engineer.

Cooperative Extension Service
Iowa State University
Am!a, Iowa 50011

Pm-587 I Reviled I March 1985

Students will find that several
types of data are available to
use in the calculations. Ask
them to calculate initially on
the basis of conventional
tillage. Then calculate using
"plowing with minimum
tillage planting" or "no
plowing with minimum tillage
planting."
In the Invention portion of the
activity, ask students to
contrast the energy savings of
both forms of conservation
tillage. A brief discussion
concerning the students'
findings should follow.

'----....:11.~...__!;-=~=:J

To calculate the energy savings
within an SCD, find out,
through your local SCD office,
how many acres of farmland
are in your county. Assume the
proportion of land used for
each crop to be uniform
throughout the district. If, in
your region, the crops are not
those used in the example, use
statistics which reflect the
commonly grown crops of
your region. This information
may be obtained from your
local Extension Service.

Convert energy savings
calculations to dollars per acre
saved per farm and per SCD.
Discuss the implications of
your findings.
Find ways to present this
information to the public.
Find out how much soil can be
saved in your district by
conservation tillage methods.
Copyright e 1988
Iowa Natural Heritage Foundation
Iowa Department of Education
University of Northern Iowa

All's Well ., ..
That Ends Well
Activity in Brief
Students create a display to increase community
awareness of groundwater problems.
Objective

Students will develop ways to
communicate the principles of
groundwater and the
reduction/prevention of groundwater
contamination.

Exploration

Invention

Students will generate a list of
major groundwater concepts.

Students will devise a method to
communicate groundwater
concepts to the general public.

Application
Site
Classroom
Public display area
Suggested Time
Exploration/Invention - 1+ class
period
Application - 1+ class period
Materials
poster paper
markers
tape
glue
magazines
rulers
stencils
tape recorder/ tapes
models from previous activities

Students will create an exhibit
suitable for public display.

Teacher Notes

Forthe
Teacher
Created By:
Ro$erBeane
Heidi Andre

For Your Information
FYI Exploration: In groups of
two, students will review their
journals and generate a list of
major groundwater concepts;
what groundwater is, how it is
contaminated, how it is
cleaned up and what measures
prevent its contamination.
FYI Invention: Each group of
students should select one
major concept. Make sure that
each group selects a different
concept. Students may choose
to communicate their ideas in
one or more of the following
ways:
Models
Audio Tapes
Video
Photographs/Magazine
pictures
Skits
Poster /Murals
· Slide shows
FYI Application: The site
should be selected and
approved before a trial
construction begins in order to
determine proper dimensions.
A slogan or title should be
developed for the display.

Follow-up Suggestions
1. Create a booklet for public
distribution on the topic of
groundwater and its
contamination.
2. Create a program on
groundwater topics and

present it to upper elementary
students.
Resources
See Resources from previous activities
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DroW"ning in Laughter
Activity in Brief
Students use cartoon satire to communicate
problems associated with groundwater.

Objective
Students will create an editorial
cartoon.
Site
Classroom
Suggested Time
Exploration/Invention/ Application 1 class period
Materials
construction paper
tape
colored pencils
crayons
old newspapers/ magazines
stationery
stamps ·

Exploration

Invention

Students will collect, examine,
and interpret an array of editorial
cartoons.

Students will draw an editorial
cartoon showing problems
associated with groundwater.

Application
Students will submit their editorial
cartoons along with letters to the
editors of various publications.

Teacher Notes

Forthe
Teacher
Created By:
Ro$erBeane
Heidi Andre

For Your Information
FYI Exploration: Using
newspapers, magazines, or
books, have students collect
editorial cartoons. These
cartoons may cover a variety
of topics. They should be cut
out and attached to a 9 x 12
sheet of construction paper.
Below the cartoon, students
will write their interpretation
and fold the bottom to cover it.
They will then exchange their
cartoon with another student
who will write their
interpretation on the outside of
the fold. Have the students
'
compare 'interpretations. Any
discrepancies should be
discussed as a class. The
communication powers of
editorial cartooning should be
discussed.
FYI Invention: Students may
choose to work either
individually or with a partner.
Display the cartoons used in
Exploration as examples.
FYI Application: The cartoons
can be submitted to school.
and/ or local newspapers. The
letters should reflect the
students' concerns about the
quality of groundwater.

Follow-up Suggestions
1. Develop a song or poem
using groundwater as a theme.
2. Hold a contest to select a
slogan which can be put on
bumper stickers or buttons to

increase public awareness of
any aspect of groundwater.
Resources
Appendix - Interpreting Editorial
Cartoons
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GLOSSARY
Absorption - to suck up or take up, for example sponges taking up water, roots
taking in water.
Adsorption - the adhesion of a thin layer of molecules to the surface of solids or
liquids with which they come into contact.
Agricultural Drainage Wells - field drainage wells that farmers began putting
down nearly a century ago to drain swampy
areas which allow surface water and water from
field tiles to fall 20 to 30 feet beneath the ground.
Aquifer - a permeable geologic formation that stores and transmits significant
quantities of water.
Aquitard - soil and rock formation of low hydrologic activity.
Assimilative Capacity - natural ability of surface water to accept (utilize)
potential pollutants without harmful effects (without
impairing beneficial use).
Available Nitrogen - form of nitrogen which is immediately available for plant
growth (N03-) or (N04-).
Available Nutrient - that portion of any element or compound in the soil that
can be readily absorbed and assimilated by growing plants.
Bedrock - the continuous solid rock of the continental crust.
Best Management Practices - practices that have been determined to be the most
effective, practical means of preventing or
reducing pollution from nonpoint sources.

Cohesion - attractive force which holds two particles together.

Coliform Bacteria - a group of bacteria predominantly inhabiting the intestines
of humans and animals, but also found in soil. While
harmless themselves, coliform bacteria are commonly used
as indicators of the possible presence of pathogenic
organ1Sms.
Condensation - reduction to a denser form (as from steam to water).
Confined (Artesian) Aquifer - an aquifer which is overlain by impermeable
strata (confining beds).
Contour Farming - farming sloping land in such a way that plowing, preparing
land, planting, and cultivating are done on a nearly level
path across the slope.
Conventional Tillage - those tillage operations which are considered standard
for the specific location and crop and tend to bury the
crop residues. It is usually used as a base for determining
the cost effectiveness of control practices.
Cost Effectiveness - a term used to compare alternatives on the basis of cost
(inputs) per unit of benefits (outputs), such as dollars per
unit of pollutant load reduction.
Denitrification - the process by which nitrates or nitrites in the soil or organic
deposits are converted to gaseous forms of nitrogen.
Desorption - the removal of sorbed ions or compounds from surface solids.
Dissolved Minerals - minerals (salts included) that are in solution in water.
Dissolved Oxygen - oxygen dissolved in water and readily available to aquatic
organisms. It is usually expressed in milligrams per liter or
as the percent of saturation.
Dolomite - a type of rock (calcium magnesium carbonate) or a common rock
forming mineral. Often rocks referred to as limestone are actually
dolomite.

Effluent - the discharge of a pollutant, or pollutants, in a liquid form from a
containing space.
Eutrophication - natural or artificial process of nutrient enrichment whereby a
body of water becomes filled with aquatic plants and low in
oxygen content.
Evaporation - the process by which liquid passes off into vapor or invisible
minute particles.
Evapotranspiration - combination of evaporation and transpiration of water into
the atmosphere from living plants and soil. (A plastic bag
tied over a plant will illustrate this.)
Fungicides - chemicals used to destroy fungi. .
Groundwater - the subsurface water supply in the saturated zone below the
water table.
Herbicides - chemicals used to kill undesirable vegetation.
Hydraulic Gradient - the ratio of the difference of water height to the horizontal
distance traveled, i.e., the slope of the water table.
Hydraulic Head - the pressure exerted by a fluid at a given depth beneath its
surface. It is proportional to the height of the fluid's surface
above the area where the pressure is measured.
Hydrologic Cycle - the continuous process involving the circulation of water in
oceans to the atmosphere to the land and back to the sea.
Impervious Rock - layer of rock generally considered under normal situations to
be incapable of being penetrated.
Infiltration - downward flow or seepage of water through the pores or spaces in
rock or soil.

Inorganic Chemicals - compounds that generally do not contain carbon and are
derived from mineral sources.
Insecticides - chemicals used to kill insects.
Laminar Flow - a flow pattern in which particle paths are straight or gently
curved and parallel (see turbulent flow).
Leachate - the soluable product obtained from the action of percolating liquid on
the soil.
Leaching - the removal of salts and other materials from the soil by water
movement through the soil profile.
Limestone - a sedimentary rock consisting chiefly of the mineral calcite (calcium
carbonate).
Managerial Controls - control measures which involve changes in timing,
chemical application rates, or tillage systems for the
purpose of reducing the loss of pollutants.
Maximum Contaminant Level (MCL) - the upper limit allowable for pollutants
in drinking water, above which the
water is considered unsafe for
consumption.
Mineralization - the microbial conversion of an element from an organic to an
inorganic state.
Nitrification - the biochemical transformation of ammonium to nitrite and
thence to nitrate.
Nitrogen Fixation - the biological or chemical process by which elemental
nitrogen is converted to organic or available nitrogen.
No Till - a management practice of planting a crop without prior seedbed
preparation, into an existing cover crop, sod or crop residue and
eliminating subsequent tilling operations.

Nonpoint Source Pollution (NPS) - a contaminant that cannot be traced to one
source, but rather comes from many
different, nonspecific sources.
Organic Chemicals - chemical compound of carbon. Historically, organic
compounds were those obtained from vegetable or animal
sources. Today, many organic chemicals are synthesized by
humans in laboratories.
Parts Per Million (PPM) - a common basis of reporting water analysis. One part
per million equals one pound per million pounds of
water.
Pathogens - disease-causing organisms.
Percolation - the downward movement of water through the soil.
Permeability - the ability of a formation to transmit groundwater or other fluids
through pores or cracks.
Pesticides - chemical substances used to kill or control pests such as weeds,
insects, algae, rodents, and other undesirable agents. As used in
many references, it includes herbicides, insecticides, miticides,
nematocides, rodenticides, fungicides, plant growth regulators, and
desiccants.
Point Source Pollution - a contaminant that can be traced to an original source.
Porosity - the percentage of the total volume of a given body of rock that is pore
space.
Potable - drinkable.
Precipitation - a deposit on the earth of rain, hail, mist, sleet or snow; also the
quantity of deposit.

Primary Drinking Water Pollutants - the drinking water contaminants for
which there are enforceable effluent
discharge standards under the Clean
Water Act.
Recharge - the replenishment of groundwater by infiltration of atmospheric
water (precipitation) through the soil.
Rill - the process which forms small, well-defined incisions in the land surface
less than thirty centimeters in depth.
Rodenticides - chemicals used to kill rodents.
Saturated Zone - the subsurface zone in which all openings or pore spaces are
filled with water.
Seepage - the percolation of water through the soil from unlined canals, ditches,
laterals, watercourses, or water storage facilities.
Silt - soil particles between 0.05 and 0.002 mm in equivalent diameter.
Sinkhole - a natural depression in a land surface, generally occuring in
limestone regions and formed by solution or by the collapse of a
cavern roof.

Spring - a flow of groundwater emerging naturally at the surface of the ground.
Surface Water - all water on the surface of the earth, including snow and ice.
Synergism - the simultaneous action of separate agents which, together, have a
greater total effect than the sum of their individual effects.
Total Dissolved Solids - the total amount, in milligrams, of solid material
dissolved in one liter of water.
Transpiration - direct transfer of water from leaves of living plants to the
atmosphere.

Trickle Irrigation - an irrigation method in which water drips to the soil from
perforated tubing or emitters.
Turbulent Flow - a high velocity flow in which streamlines are neither parallel
nor straight but curled into small, tight eddies (the opposite of
laminar flow).
Unconfined Aquifer- an aquifer that contains water under atmospheric
pressure. Not overlain by impermeable stratum, the
water level in the aquifer may rise or fall according to the
volume of water stored, a variable dependent upon
seasonal cycles of natural recharge.
Water Table - the level below which the soil or rock is saturated with water,
sometimes referred to as the upper surface of the saturated zone.
Zone of Aeration - area between the ground surface and the water table.

Groundwater Well Model
Wells arc constructed to bring groundwater to the land
surface so we can use it. Holes are drilled and pipes put in the
ground to a depth below the water table. Pumps are connected
to the well pipe so that water in and around the well is drawn up
the pipe and into the house or to wherever the water is used.
Following are instructions for constructing a well model in
the classroom. The model can be used to demonstrate how
surface water percolates into the ground to become groundwater
and how a pump recovers groundwater.

The model can also demonstrate how groundwater
becomes contaminated. Add food coloring to a section of the
sand. Add water to the same section, and the colored water will
ultimately enter the well and show up in the flask when the
model is being operated. Unlike the food coloring, many
pollutants don't change the color or odor of the water and arc,
therefore, difficult to detect. Many other pollutants are filtered
out by the soil or broken down by chemical or physical processes
before they reach groundwater.

Materials

inches from one end of the 1" diameter clear plastic tube. (You
may wish to insert a 3.25" x 3" piece of window screen inside the
perforated end of the plastic tube. This well screen will prevent
sand from entering later.)
2. Using aquarium glue, attach the two glass rods (or
dowels) and the 1" diameter plastic tube (holed end down) to the
long side of the aquarium and vertically from the bottom. Allow
glue to dry.
3. Place gravel so that all holes at bottom of 1" diameter
plastic tube are covered. The gravel will also help keep the sand
from entering the well during pumping.
4. Insert the 20" piece of glass tubing into the one-holed
stopper so that the tube extends one to two inches above the top
of the stopper.
5. Attach one end of three-foot rubber tubing to glass tube
extending out of stopper.
6. Insert this assembly into the 1" diameter plastic tube in
aquarium.
7. Insert two four-inch pieces of glass tubing into holes of
two-holed stopper so that 1 inch of tubing extends above the
stopper. Attach loose end of three-foot rubber tubing to one of
the glass tubes extending from 2-holed stopper.
8. Attach one end of two-foot piece of rubber tubing to the
other glass tube extending from the stopper.
9. Insert the stopper into the flask.
10. Attach the hand pump/ siphon to the other end of the
two-foot tubing. Check that all connections are air-tight.
11. The model works best when the flask is positioned
lower than the aquarium to create a continuous siphon, thus
eliminating the need to continuously pump.
12. Fill the aquarium 1/2 to 3/4 full with sand.
13. Add water to aquarium so that it is about half full. The
completed model should appear as in the figure below.

One ten-gallon aquarium
One five-gallon bucket filled with coarse clean sand
One quart of aquarium gravel
One piece 1" wide diameter clear plastic tube, 18" long
Three pieces 1/3" outside diameter glass tubing:
one piece, 20" long
two pieces, 4" long
Two pieces 1 /3" outside diameter rubber tubing
one piece 3' long
one piece 2' long
Two glass rods 12" long (or similar diameter wooden dowels)
Two #7 rubber stoppers
one one-holed
one two-holed
One 500 milliliter Erlenmeyer glass flask
One hand pump/siphon (available at sporting goods stores in
boating section)
Five gallons water

Directions
1. Drill 20to501 /16" diameter holes extendinp; three

aquarium-----f

water supply line - glass tubing
rubber stopper

rubber or plastic tubing

well casing - plastic tube

glass tubin&-_ _ ,
rubber stopper
sa nJ _ _ _ __

bulb or hand pump

INTERPRETING EDITORIAL CARTOONS
Although cartoons arc usually humorous, the main intent of most
political cartoonists is not to entertain. Cartoons express serious social
comment about important issues. Using graphic and visual arts, the
cartoonist expresses opinions and attitudes. By employing an
entertaining and often light-hearted visual format, cartoonists may have
as much or more impact on national and world issues as editorial and
syndicated columnists.

Points to consider
1. Examine the two cartoons in this activity.
2. How would you describe the message of each cartoon?
Try to describe each message in one to three sentences.
3. Do you agree with the message expressed in either
cartoon? Why or why not?
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Reprinted with permission of Gary E. McCuen Publications, Inc.

Reprinted with permission of The Minneapolis Star and Tribune

MEAD IN 7he SAND

Reprinted with permission of The Minneapolis Star and Tribune

CONCEPT CHECK QUESTIONS

1.

Draw, label and explain the main components of the water cycle.

2.

Explain two variables that affect percolation and give an example of each.

3.

Draw and explain the movement and storage of water through soil and gravel. Also,
draw and explain how you can remove the groundwater for your use.

4.

Take one food item and diagram the various ways water is used from growth to
production and consumption.

5.

Explain how the depth of topsoil can affect the rate of pesticide leaching into the
groundwater. Also, explain how the different concentrations of pesticides can affect
groundwater.

6.

List three effects nitrates have on humans and two ways nitrates can get into our
drinking water.

7.

List four hazardous household chemicals and explain their proper disposal.

8.

Explain five ways to reduce water usage in your home in order to conserve the
limited resource of groundwater.

9.

Explain why you feel the laws or rules you developed would help protect the
quality and quantity of groundwater.

10.

Explain why it is important to communicate the principles of groundwater to the
public.

11.

Interpret an editorial cartoon that is placed on an overhead.

